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Objective: To evaluate the prognostic value of amplitude-integrated EEG in term neonates
with encephalopathy. Methods: In this prospective observational study we enrolled 58 term
neonates with encephalopathy from March, 2019 to March, 2020. Level of alertness was
ascertained as per Volpe's classification and tone as per Amiel-Tison scale of tone
assessment. Abnormal aEEG was defined as background activity other than continuous
normal voltage, or immature or absent sleep-wake cycle, or presence of electrical seizure.
Primary outcome was abnormal neurological examination at discharge and/or death prior to
discharge. Results: Out of 58 neonates, aEEG was abnormal for 50 (86.2%). There was a
statistically significant association between abnormal aEEG findings and primary outcome
(P=0.04). The aEEG score cut-off of >2 had satisfactory sensitivity (88.8%) and specificity
(79.5%) to predict primary outcome. Conclusion: Abnormal aEEG had good sensitivity but
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low specificity to predict the primary outcome in term neonates with encephalopathy.
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ulti-channel electroencephal ography
(EEG) isconsidered asthe ‘ gold standard’
for evaluating background activity and
detecting seizures, but continuous video-
EEG monitoring and itsinterpretationisnot feasiblein the
majority of neonatal intensive care units (NICUS), so
amplitude-integrated EEG (aEEG) is used for real time
monitoring of brain function and early detection of
neonatal seizures[3]. In aEEG, the raw EEG signals are
filtered, amplified and compressed for time to get a
simplified aEEG waveform by which we can monitor long
termtrendsin el ectro-cortical background activity [4].

Usefulness of aEEG in neonatal encephal opathies
other than hypoxic i schemic encephal opathy hasnot been
well studied and thereis paucity of Indian dataregarding
theutility of aEEG monitoringin neonates. Thisstudy was
planned to evaluate prognostic value of aEEG in term
neonates with encephal opathy.

METHODS

This prospective observational study was conducted at a
tertiary care NICU in Indiafrom March, 2019 to March,
2020 after ingtitutional ethics committee clearance and
informed consent from parents of all participants. Term
neonates between 370 to 41*6 weeks of gestational age
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with encephalopathy were included. Babies with major
lethal congenital malformations, chromosomal anomalies,
neuronal migration disorders and myopathic disorders
wereexcluded.
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Encephal opathy was defined as subnormal alert state/
atered neurological function which may be associated
with seizures [5]. Etiology of encephal opathy was sub-
grouped as hypoxic-ischemic encephalopathy (HIE),
infective causes, transient metabolic causes, intracrania
hemorrhage (ICH), dyselectrolytemia, and inborn errors of
metabolism (IEM). A detailed neurol ogical examinationwas
performed, and level of aertness was defined as per the
Vol pe classification, and tone was assessed as per Amiel-
Tison scale of tone assessment [6,7].

The aEEG monitoring was done by CFM Olympic
Brainz Monitor (Natus Medical Inc.), with five biparietal
hydrogel electrodes. Electrodeimpedancewasmain-tained
below 10 ohms during monitoring. The aEEG was
monitored for at least 24 hoursfor all enrolled neonates. A
single investigator, trained for interpretation of aEEG
findingsin 10 aEEG recordings by apediatric neurologist,
noted the aEEG findings and scored as per the scoring used
by Zhang, eta.[8].
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Presence of any one of the following was defined as
abnormal aEEG: any background activity other than
continuous normal voltage, immature or absent sleep-
wakecycle(SWC), and presence of any electrical seizure.
Primary outcome was defined as subnormal level of
alertnessasper Vol pe classification or any toneabnormality
as per Amiel-Tison scae, at the time of discharge and/or
death before discharge. Secondary outcomes were
abnormal background activity, abnormal SWC, and
electrica seizures, asdefined above.

Satistical analysis: SPSS Software version 16 was used
for data analysis. To determine the association between
categorical variables, Chi square test was used as test of
significance. P<0.05wasconsidered setistically significant.
Diagnostic efficacy of aEEG background activity, aEEG
deep-wakecycleand aEEG saizuresin predicting outcomeat
discharge was assessed by calculating specificity,
sengitivity, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio and
negativelikelihoodratio. Diagnostic efficacy of cumulative
aEEG score in predicting outcome was assessed by ROC
curve, suitable cut-off values were selected and AUC was
calculated.

RESULTS

Of all the term neonates with encephalopathy, 58 were
finally enrolled in the study and followed-uptill discharge
or death (Fig. 1). Thebaseline characteristicsaregivenin

Total admissions
(n=942)

d
Term neonates
(n=523)
l
Neonateswith encephal opathy
(n=76)

Excluded (n=18)

Non-availability of CFM 12
AMA discharge 2
Major malformations 2

Included
(n=58)

Followed uptill
dischargeor death

Survived 50
Died 8

CFM, cerebral function monitor; AMA, against medical advice.

Fig. 1 Study flow diagram.
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Table| Baseline Characteristics of Sudy Population (N=58)

Gestational age, wk? 38.5(1.14)
Birthweight, g 2889 (360)
Malegender 35(60.3)
Postnatal age

1-3d 36 (62)
4-7d 8(14)
8-14d 5(8.6)
15-28d 9(15.5)
Modeof delivery

Vaginal delivery 24(41)
Assistedvaginal delivery 6(10)
Caesarean section 28(48)
Resuscitation at birth 30(52)
Antenatal risk factors

Fetal distress 14 (24)
Pregnancy induced hypertension 6(10)
Oligohydramnios 7(12)
Polyhydramnios 6(10)
Premature rupture of membranes 4(7)
Etiol ogy of encephal opathy

Hypoxic ischemic encephal opathy 36(62)
Infective 12(21)
Transient metabolic 4(7)
Intracranial hemorrhage 23
Dyselectrolytemia 23
Inborn error of metabolism 2(3)

Variables are expressed as n (%) except 2mean (D).

Tablel.Out of these, 50 (86.2%) survived. aEEG findings
wereabnormal for 50 (86.2%) of enrolled neonates. Out of
these, 31 (62%) had normal outcome and 19 (38%) had
abnormal outcomeat discharge, or died prior to discharge.
There was a statistically significant association between
abnormal aEEG findingsand primary outcome. Abnormal
aEEG had 100% sensitivity, 20.5% specificity, 38% PPV,
100% NPV, positive likelihood ratio 1.26 and negative
likelihoodratio O, topredict primary outcome(Web Tablel).

Out of 58 neonates, 38 (65.5%) had abnormal back-
ground activity. There was a statisticaly significant
association between background activity and primary
outcome (P=0.001). Out of 58 neonate, 19 (32.7%) had
mature sleep-wake cycle and 39 (67.2%) neonates had
immature or absent sleep-wake cycle, and there was a
statistically significant association between sleep-wake
cycleand primary outcome (P=0.001). A totd of 43 (74.1%)
neonates had electrical seizures, and aEEG seizureswere
significantly associated with primary outcome (P=0.002).

A cumulativeaEEG scoreof 0-2 wasseenin 32 (55%)
neonates, and 26 (45%) had score >2. Out of 32 neonates
with scoreof 0-2, 31 (97%) had norma outcome, ROC curve
was plotted and cut-off value >2 was selected for high
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sensitivity and low false positive rate. There was a
statistically significant association between cumulative
aEEG score>2 and primary outcome (P=0.001) (Fig. 2).

DISCUSSION

In this prospective observational study we assessed the
characteristics of aEEG in 58 term neonates with
encephal opathy and found that background activity, sleep-
wake cycle and electrical seizures were significantly
associated with primary outcome. In this study we also
calculated cumulative aEEG scoring and we found that
cumulative aEEG score of >2 wassignificantly associated
with primary outcome. These results were largely
consistent with previous studies.

Inthe present study wefound that abnormal aEEG was
significantly associated with abnormal outcomeand it has
high sensitivity, but low specificity to predict primary
outcome. A meta-analysis by Chandrasekaran, et a. [9]
showed similar resultswith pooled sensitivity of 87% and
specificity of 36%. Similar toour findings, Van der Heide, et
al. [10] noted significant association between aEEG
background activity and neurol ogic outcomein neonates.
Sewell, et al. [11] showed resultsoppositeto our study with
low sensitivity and high specificity. This may be due to
inclusion of all grades of encephalopathy with various
etiologiesin our study, whilethey only included neonates
with HIE. Wefound that aEEG cyclicity wassignificantly
associated with primary outcome. Rhie, et al. [12] con-
cludedintheir study that delayed appearance of SWC was
significantly associated with unfavorable neuroimagingin
neonates with HIE, as was also seen in our study for al
causes of encephal opathy.

Variane, et al. [13] showed that presence of recurrent
aEEG seizureswereassociated with MRI brain abnormality
and death, similar to this significant association with
outcomewasfoundin our study. Similar to thisstudy, L uo,
et al. [14] showed that aEEG scoring system has a higher
specificity but low sensitivity as compared to individual
componentsfor abnormal outcomes.

Strengths of our study include enrolment of subjects
withvarious causes of encephal opathy, albeit mgjority were
HIE, and detailed study of the individual components of
aEEG tracing and formulation of cumulative scoring cut-
offsto predict short term neurol ogical outcome.

Limitations of our study include a relatively small
samplesize, and inability to study long term neurological
outcomes. Neonates admitted in the late stage of
encephalopathy could have had different findingsin aEEG
if we had recorded aEEG at the onset of encephal opathy.
Effect of ongoing drugs, and thera-peutic hypothermia
were not taken into account, and the effects of postnatal
ageon aEEG findingswere not studied.
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Fig. 2 Recelver operator characteristic (ROC) curve of cumulative
aEEG scoring to predict abnorma  neurological  outcome
(AUC=0.746).

To conclude, aEEG parameters such as abnormal
background activity, absent sleep-wake cycling and
presence of electrical seizures, either alone or in
combination are associated with primary outcome of
subnormal level of aertness or tone abnormality at
dischargein term neonates with encephal opathy.

Note: Additional material related to thisstudy isavailablewith
the online version at www.indianpediatrics.net
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WHAT THIS STUDY ADDS?

« Abnormal aEEG has high sensitivity but low specificity to predict primary outcome of subnormal level of alertness
or tone abnormality at discharge, or death before discharge in term neonates with encephalopathy.
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Web Table I Primary and Secondary Outcomes

Predictor Sensitivity | Specificity | PPV NPV | Positive Negative
likelihood | likelihood
ratio ratio

Primary outcome

Abnormal aEEG | 100% | 20.5% 138% | 100% | 1.26 | 0.00

Secondary outcomes

Background activity 94.7% 48.72% 47.3% | 95% | 1.85 0.11

Sleep-wake cycle 100% 48.72% 48.7% | 100% | 1.95 0.00

aEEG seizures 100% 38.46% 44.19% | 100% | 1.62 0.00

Cumulative aEEG score>2 | 88.8% 79.49% 50% 96.8% | 4.33 0.14

Cumulative aEEG score>3 | 47.3% 84.62% 60% 76.7% | 3.08 0.62

Cumulative aEEG score>4 | 31.6% 92.3% 66.7% | 73.4% | 4.11 0.74

PV, positive predictive value; NPV, negative predictive value
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